A widely publicized but unpublished study of the relationship between gun shows and gun violence is being cited in debates about the regulation of gun shows and gun commerce. We believe the study is fatally flawed.
A working paper entitled ''The Effect of Gun Shows on Gun-Related Deaths: Evidence from California and Texas'' outlined this study, which found no association between gun shows and gunrelated deaths. We believe the study reflects a limited understanding of gun shows and gun markets and is not statistically powered to detect even an implausibly large effect of gun shows on gun violence. In addition, the research contains serious ascertainment and classification errors, produces results that are sensitive to minor specification changes in key variables and in some cases have no face validity, and is contradicted by 1 of its own authors' prior research. The study should not be used as evidence in formulating gun policy. University of Michigan press release announced the study with the headline ''Gun shows do not increase homicides or suicides'' and began as follows:
A new study finds no evidence that gun shows lead to substantial increases in either gun-related homicides or suicides. The. . .study also shows that tighter regulation of gun shows does not appear to reduce the number of firearms-related deaths.
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Not surprisingly, the paper received nationwide publicity. Just 6 weeks after its release, it was the topic of a relentlessly favorable cover article in America's 1 St Freedom, the monthly official journal of the National Rifle Association. 3 To our knowledge, the working paper has not been published in a peer-reviewed publication. Anecdotal reports from policy advocates and policymakers suggest that it has nonetheless become influential in the continuing debate about how best to regulate gun shows and gun commerce to prevent violence. We believe that the study discussed in the working paper contains serious errors in design and execution that fatally compromise its findings. Correspondence with the authors 4,5 did not lessen our concerns and, because the paper remains in circulation, we seek to share those concerns with the research and policy communities. For brevity's sake we confine our comments largely to the study's findings for homicide, although we have similar concerns about the study's findings for suicide.
LIMITS TO THE STUDY DESIGN
Large gun shows can usefully be thought of as the big box retailers of gun commerce. 6 
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) The relationship between gun shows and gun-related crime is complex. Although they are a source of the guns used in crime, gun shows are just 1 of the venues that supply firearms for criminal use on a more-or-less continuing basis. Surveys of persons incarcerated for gun crimes suggest that less than 2% of them acquired their weapons at gun shows. 11, 12 Gun shows are more frequently an intermediate source of crime guns, supplying organized gun trafficking operations and surrogate or ''straw'' purchasers who in turn supply criminal end users.
6,7, 13, 14 A review of federal investigations initiated between July 1996 and December 1998 of illegal gun trafficking found that nearly 26000 trafficked guns-30% of all guns linked to the investigations-had been sold at gun shows. 15 Duggan et al. hypothesized that gun shows have short-term and local effects on homicide (and suicide). Their data are for California and Texas from 1994 to 2004. To test their hypothesis, they determined whether there was any association between the number of deaths in a given location (specified as a zip code) in a given week and the number of gun shows in or near that location in the preceding 4 weeks. Their unit of analysis is the zip code· week, and their models variably examined zip codes for areas in which gun shows occur and codes for areas that were within 5, 10, and 25 miles of gun shows. Duggan It is important to note as a limitation to our analysis that standard gun traces terminate with the first retail sale of a gun, and both new and used guns are sold at gun shows. But when gun traces are extended to the most recent recorded sale-as is possible for handguns in California, for which a centralized archive of sales data exists and where private-party sales must be routed through licensed retailers-overall results are similar to those obtained using standard gun traces. 18 It is entirely possible that gun shows have long-term and far reaching effects on homicide (and suicide), without exhibiting the short-term, local effects hypothesized by Duggan et al. In most urban areas gun shows occur less than once a month. 6 Potential offenders who want a gun immediately are unlikely to wait for a gun show. As discussed, gun shows may be a more likely choice for criminal gun trafficking operations, which often move guns long distances across state lines or our borders with Mexico and Canada. 6 , 13
LACK OF STATISTICAL POWER
The time and distance constraints imposed by Duggan et al. create an insurmountable statistical power problem. Given those constraints and the data in Table 1 , it is reasonable to infer that their analysis misses the great majority-as much as 99%-of the expected effect of gun shows on homicide. The following highly favorable power calculation finds that the analyses by Duggan et al. have less than 10% power for finding even a very large effect of gun shows on homicide. For the power calculation, let us err in favor of the original study and assume that (1) 5% of homicides committed with guns purchased at gun shows occur within 4 weeks and 25 miles of those shows, and (2) the total effect of gun shows is to increase gun homicide by an implausibly large 30%, regardless of time and place. This means the study is attempting to identify a 1.5% increase in homicides (5% · 30%). Let us also assume that the control group size is 900 000 (the maximum control group size for California), and the size of the intervention group (gun show counties) is 20 000.
Using findings from Duggan et al. 1 of a mean gun homicide rate per county of 0.035 deaths per 100 000 persons per week with a standard deviation of 0.203, then for a 2-sample test, 1-tailed, with an a of 5%, the power is 10%. In other words, Duggan et al. had only a 10% chance of detecting even an implausibly large effect of gun shows on homicide. Given this result, the fact that the authors did not find an effect of gun shows on homicide cannot be taken to mean that no such effect exists. As we have suggested, that effect may simply be exerted over a longer time period and broader geographic area.
DATA DEFICIENCIES
The authors used 1 publication, the Gun & Knife Show Calendar, to identify gun shows. But prior research 6, 14 shows that no single source is adequate for this purpose.
Another widely available listing is in the Big Show Journal. To determine the magnitude of misclassification that might exist in data obtained from a single source, we compiled data from both publications for 2007 and found that 298 gun shows were held in California or Texas that year. Only 236 (79%) of these were listed in the Gun & Knife Show Calendar. This suggests that Duggan et al. failed to identify roughly 20% of the gun shows occurring in those states during their study period-some 680 events altogether. Based on the listings for 2007, some of these missed shows would have been large events with many gun sales. If, as Duggan et al. hypothesize, gun shows are associated with a short-term, local increase in homicide, then failing to identify 20% of gun shows-and as a result wrongly assigning homicide data for the weeks following those missed shows to the no-gun-show category-introduces a bias toward the null (a finding of no effect) in their analysis.
There is significant heterogeneity among gun shows, 6 6 Any impact of these large shows might easily be masked by the limited effect of the more numerous smaller events.
CONFLICTING RESULTS AND PRIOR RESEARCH
An earlier version of the study by Duggan et al. yielded different results. 19 In that study, the relevant portion of which was limited to gun shows in California, census place and not zip code was used as the geographic unit of analysis and the authors argued specifically that zip code was a less appropriate choice. In the earlier version, there was also a statistically significant overall increase in gun deaths in the 4 weeks following gun shows. When deaths were disaggregated by type, the effects remained significant for suicide and unintentional death. Nothing is said in the new version of the study about the prior and very different findings or in rebuttal to their own prior arguments against using zip code as a geographic unit of analysis. We do not take a position on whether zip code or census place is the more appropriate measure, as our concern is with the larger issue of geographic restriction. The unexplained reversal and the lack of robustness of the study findings are independent sources of concern about the validity of those findings. 
CONCLUSIONS
Taking all these points together, we believe the study by Duggan et al. is fatally flawed. The specifics of the hypothesis tested in the study essentially precluded the possibility of a positive finding, and the statistical power problem in itself is sufficient to render the study's results essentially incapable of interpretation. 23 Beyond this, the data used for the analysis contain important ascertainment and classification errors that introduce biases toward the null, and the results are not robust.
Given these difficulties, it is perhaps not surprising that some of the study's findings have no face validity. For example, in some models Duggan et al. find significant changes in gun-related deaths in the week beginning on the first day of the gun show for shows occurring in California. But California has a 10-day waiting period for all gun sales, including those at gun shows; transfers of possession cannot legally occur during that first week.
Finally, we note that Duggan et al. argued based on their findings that regulating gun shows has no effect. But California's regulations on gun shows produce observable effects that are likely to benefit public safety, including decreases in anonymous, undocumented private-party gun sales and illegal surrogate or ''straw'' purchases. 14 It has also been shown that regulating private party gun sales generally, not just at gun shows, is strongly associated with a decrease in intrastate gun trafficking, even when gun ownership rates and other gun regulations are taken into account.
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